Based on the low-energy effective Hamiltonian with the generalized factorization, we calculate the new physics contributions to branching ratios and CP-violating asymmetries of the charmless hadronic decays B s → h 1 h 2 in the general two-Higgs doublet models. In models I and II, the new physics corrections are always small in size and will be masked by other larger known theoretical uncertainties. In model III, the new physics corrections to QCD penguin-dominated decays B s → K 0 η ( ′ ) , K + K − * , φφ, etc., are large in size and insensitive to the variations of M H + and the effective number of colors N ef f c . For tree-or electroweak penguin-dominated decay modes, however, the new physics corrections are very small in size. For B s → K + K − * and other seven decay modes, the branching ratios are at the level of (1 − 3) × 10 −5 and will be measurable at the future hadron colliders with large b production. Among the studied 39 B S meson decay modes, only the decay B s → K 0 * η ′ and B s → K + K − * have a CP-violating asymmetry A CP larger than thirty percent in magnitude, and B s → K + K − * decay seems to be the "best" channel to find CP violation of B s system through studies of two-body charmless decays of B s meson.
I. INTRODUCTION
In B experiments, new physics beyond the standard model (SM) may manifest itself, for example, in following two ways [1, 2] : (a) decays which are expected to be rare in the SM are found to have large branching ratios; (b) CP-violating asymmetries which are expected to vanish or be very small in the SM are found to be significantly large or with a very different pattern with what predicted in the SM. These potential deviations may be induced by the virtual effects of new physics through loop diagrams.
The observation of many two-body charmless hadronic B u,d meson decays by CLEO, BaBar and Belle [3] [4] [5] [6] [7] , the successful start of the asymmetric B factories at SLAC and KEK, and the expectation for large number of events of B decays to be accumulated at B factories and other hadron colliders stimulated the intensive investigation for various B decay channels. The two-body charmless hadronic decays B → h 1 h 2 ( where h 1 and h 2 are the light pseudo-scalar (P) and/or vector(V) mesons ) have been studied, for example, in Refs. [8] [9] [10] [11] [12] [13] .
It is well known that the low energy effective Hamiltonian is the basic tool to calculate the branching ratios and A CP of B meson decays. The short-distance QCD corrected Lagrangian at NLO level is available now [14, 15] , but we do not know how to calculate hadronic matrix element from first principles. One conventionally resort to the factorization approximation [16] . However, we also know that non-factorizable contribution really exists and can not be neglected numerically for most hadronic B decay channels. To remedy the naive factorization hypothesis, some authors [17, 10, 11 ] introduced a phenomenological parameter N ef f c (i.e. the effective number of color) to model the non-factorizable contribution to hadronic matrix element, which is commonly called generalized factorization. Very recently, Cheng et al. [18] studied and resolved the controversies on the gauge dependence and infrared singularity of C ef f i [19] by using the perturbative QCD factorization theorem. Unlike the B u,d decays, only upper limits on decay rates of several charmless hadronic B s decays are current available from LEP collaborations [20, 21] , such as B s → K + K − , K + π − , π 0 η and B s → ηη, while most of them are far beyond the theoretical predictions. However, it is expected that many B s decays can be seen at the future hadron colliders with large b production. The early systematic studies of B s decays can be found in Refs. [22, 23] . Based on the framework of generalized factorization, Tseng [24] analyzed the exclusive charmless B s decays involving η ( ′ ) , while Chen, Cheng and Tseng [12] studied the thirty nine charmless two-body B s decay channels. It is found that the branching ratios of ηη ( ′ ) and several other decay modes can be as large as 10 −5 and measurable at future experiments.
In a recent work [25] , we made a systematic study for the new physics contributions to the branching ratios of seventy six B u,d → h 1 h 2 decay channels in the framework of the general two-Higgs-doublet models (2HDM's). In this paper we extend the work to the case of B s meson. In additional to the branching ratios, we here also calculate the new physics contributions to the CP-violating asymmetries A CP of charmless hadronic decays B s → h 1 h 2 induced by the new gluonic and eletroweak charged-Higgs penguin diagrams in the general 2HDM's ( models I, II and III). Using the effective Hamiltonian with improved generalized factorization [18] , we evaluate analytically all new strong and electroweak penguin diagrams induced by exchanges of charged Higgs bosons in the quark level processes b → qV * with q ∈ {d, s} and V ∈ {gluon, γ, Z}, and then combine the new physics contributions with their SM counterparts and finally calculate the branching ratios and CP-violating asymmetries for all thirty nine exclusive B s → h 1 h 2 decay modes. This paper is organized as follows. In Sec. II, we describe the basic structures of the 2HDM's and examine the allowed parameter space of the general 2HDM's from currently available data. In Sec. III, we evaluate analytically the new penguin diagrams and find the effective Wilson coefficients C ef f i with the inclusion of new physics contributions, and present the formulae needed to calculate the branching ratios B(B → h 1 h 2 ). In Sec.IV and Sec.V, we calculate and show numerical results of branching ratios and CP-violating asymmetries for thirty nine B s decay modes, respectively. We focus on those decay modes with large branching ratios and CP-violating asymmetries. The conclusions and discussions are included in the final section.
II. THE GENERAL 2HDM'S AND EXPERIMENTAL CONSTRAINTS
The simplest extension of the SM is the so-called two-Higgs-doublet models [26] . In such models, the tree level flavor changing neutral currents(FCNC's) are absent if one introduces an discrete symmetry to constrain the 2HDM scalar potential and Yukawa Lagrangian. Lets consider a Yukawa Lagrangian of the form [27] 
where φ i (i = 1, 2) are the two Higgs doublets of a two-Higgs-doublet model,φ 1,2 = iτ 2 φ * 1,2 , Q i,L (U j,R ) with i = (1, 2, 3) are the left-handed isodoublet quarks (right-handed up-type quarks), D j,R are the right-handed isosinglet down-type quarks, while η U,D i,j and ξ U,D i,j (i, j = 1, 2, 3 are family index ) are generally the non-diagonal matrices of the Yukawa coupling. By imposing the discrete symmetry:
, and U i → ∓U i , one obtains the so called model I and model II.
During past years, models I and II have been studied extensively in literature and tested experimentally, and the model II has been very popular since it is the building block of the minimal supersymmetric standard model. In this paper, we focus on the third type of the two-Higgs-doublet model [28] , usually known as the model III [27, 28] . In model III, no discrete symmetry is imposed and both up-and down-type quarks then may have diagonal and/or flavor changing couplings with φ 1 and φ 2 . As described in [27] 
where η
U,D ij
correspond to the diagonal mass matrices of up-and down-type quarks, while the neutral and charged flavor changing couplings will be [27] . We make the same ansatz on the ξ U,D ij couplings as the Ref. [27] 
where V CKM is the Cabibbo-Kobayashi-Maskawa mixing matrix [29] , i, j = (1, 2, 3) are the generation index. The coupling constants λ ij are free parameters to be determined by experiments, and they may also be complex.
In model II and setting 1 ≤ tan β = v 2 /v 1 ≤ 50 favored by experimental measurements [20] , the constraint on the mass of charged Higgs boson due to CLEO data of b → sγ is M H + ≥ 200 GeV at the NLO level [30] . For model I, however, the limit can be much weaker due to the possible destructive interference with the SM amplitude. For model III, the situation is not as clear as model II because there are more free parameters here [27, 31] . In a recent paper [32] , Chao et al. studied the decay b → sγ by assuming that only the couplings λ tt = |λ tt |e iθt and λ bb = |λ bb |e iθ b are non-zero. They found that the constraint on M H + imposed by the CLEO data of b → sγ can be greatly relaxed by considering the phase effects of λ tt and λ bb . From the studies of Refs. [32, 33] , we know that for model III the parameter space
are allowed by the available data, where θ = θ bb − θ tt . For the mass M H + , searches for pair production at LEP have excluded masses M H + > 77 GeV [34] . Combining the direct and indirect limits together, we here conservatively consider the range of 100GeV ≤ M H + ≤ 300 GeV, while take M H + = 200 GeV as the typical value for models I, II and III. For models I and II we consider the range of 1 ≤ tan β ≤ 50, while take tan β = 2 as the typical value.
III. EFFECTIVE HAMILTONIAN IN THE SM AND 2HDM'S
The standard theoretical frame to calculate the inclusive three-body decays b → sqq 1 is based on the effective Hamiltonian [15, 11, 13] ,
Here the first ten operators Q 1 − Q 10 can be found for example in Refs. [11, 13, 25] , while the chromo-magnetic operator reads:
where α and β are the SU(3) color indices, T a αβ ( a = 1, ..., 8) are the Gell-Mann matrices. Following Ref. [12] , we do not consider the effect of the weak annihilation and exchange diagrams.
The coefficients C i in Eq.(5) are the well-known Wilson coefficient. Within the SM and at scale M W , the Wilson coefficients C 1 (M W ), · · · , C 10 (M W ) and C g (M W ) have been given for example in Refs. [14, 15] . By using QCD renormalization group equations, it is 1 For b → dqq decays, one simply make the replacement s → d.
straightforward to run Wilson coefficients C i (M W ) from the scale µ = 0(M W ) down to the lower scale µ = O(m b ). Working consistently to the NLO precision, the Wilson coefficients C i for i = 1, . . . , 10 are needed in NLO precision, while it is sufficient to use the leading logarithmic value for C g .
A. New strong and electroweak penguins
For the charmless hadronic decays of B meson under consideration, the new physics will manifest itself by modifying the corresponding Inami-Lim functions C 0 (x), D 0 (x), E 0 (x) and E ′ 0 (x) which determine the coefficients C 3 (M W ), . . . , C 10 (M W ) and C g (M W ). These modifications, in turn, will change the SM predictions of the branching ratios and CPviolating asymmetries for decays B s → h 1 h 2 under study.
The new strong and electroweak penguin diagrams can be obtained from the corresponding penguin diagrams in the SM by replacing the internal W ± lines with the charged-Higgs H + lines. Following the same procedure of Refs. [35, 36] , we calculate analytically the new Z 0 -, γ-and gluon-penguins induced by the exchanges of charged-Higgs boson H + , we find the new C 0 , D 0 , E 0 , and E ′ 0 functions which describe the new physics contributions to the Wilson coefficients through the new penguin diagrams,
with H(y) = 38y − 79y 2 + 47y
I(y) = 16y − 29y 2 + 7y
where by evaluating the new strong and electroweak penguins in the same way as that in model III:
where y t = m Combining the SM part and the new physics part together, the NLO Wilson coefficients C i (M W ) and C g (M W ) can be written as
where
are the familiar Inami-Lim functions [35] in the SM and can be found easily, for example, in Ref. [14] .
Since the heavy new particles appeared in the 2HDM's have been integrated out at the scale M W , the QCD running of the Wilson coefficients C i (M W ) down to the scale µ = O(m b ) after including the new physics contributions will be the same as in the SM:
is the five-flavor 10 × 10 evolution matrix at NLO level as defined in Ref. [14] , η = α s (M W )/α s (µ), and the constantsh i and a i can also be found in Ref. [14] .
In the NDR scheme and for SU(3) C , the effective Wilson coefficients 2 can be written as [13] C ef f i
T , the matricesr V and γ V contain the process-independent contributions from the vertex diagrams. The matrix γ V andr V have been given explicitly, for example, in Eq.(2.17) and (2.18) of Ref. [13] . Note that the correct value of the element (r N DR ) 66 and (r N DR ) 88 should be 17 instead of 1 as pointed in Ref. [37] .
The function C t , C p , and C g describe the contributions arising from the penguin diagrams of the current-current Q 1,2 and the QCD operators Q 3 -Q 6 , and the tree-level diagram of the magnetic dipole operator Q 8G , respectively. We here also follow the procedure of Ref. [10] to include the contribution of magnetic gluon penguin. The functions C t , C p , and C g are given in the NDR scheme by [11, 13] 
C e = 8 9
The function G(m) can be found, for example, in Refs. [13, 25] . For the two-body exclusive B meson decays any information on k 2 is lost in the factorization assumption, one usually use the "physical" range for k 2 [11] [12] [13] :
. Following Refs. [11] [12] [13] we take k 2 = m 2 b /2 in the numerical calculation.
B. Decay amplitudes in the BSW model
Following Ref. [12] , the thirty nine charmless two-body B s meson decays are classified into six classes according to their N ef f c −dependence. The possible effects of final state interaction (FSI) and the contributions from annihilation channels will be neglected although they may play a significant rule for some decay modes. The new physics effects on the B decays under 2 In the improved generalized factorization approach [18] , these effective coefficients are renormalization scale-and scheme-independent, gauge invariant and infrared safe. study will be included by using the modified effective coefficients a i (i = 3, . . . , 10) as given in the second entries of Table I and Table II for the model III. The effective coefficients a i in models I and II are not shown explicitly in Table I and Table II . In the numerical calculations the input parameters as given in Appendix and Eq.(4) will be used implicitly.
With the factorization ansatz [16] , the three-hadron matrix elements or the decay amplitude < XY |H ef f |B s > can be factorized into a sum of products of two current matrix elements < X|J
The explicit expressions of matrix elements can be found, for example, in Refs. [16, 38] .
In the B rest frame, the branching ratios of two-body B meson decays can be written as
for B s → P P decays, and
for B s → P V decays. Here τ (B 0 s ) = 1.493ps [20] , p B is the four-momentum of the B meson, M V and ǫ is the mass and polarization vector of the produced light vector meson respectively, and |p| is the magnitude of momentum of particle X and Y in the B rest frame,
For B s → V V decays, the situation is more involved. One needs to evaluate the helicity matrix element
where |p| has been given in Eq. (39) . The three independent helicity amplitudes H 0 , H +1 and H −1 can be expressed by three invariant amplitudes a, b, c defined by the decomposition
where p 1,2 and M 1,2 are the four momentum and masses of V 1,2 , respectively. p = p 1 + p 2 is the four-momentum of B meson, and
For individual decay mode, the coefficients a, b and c can be determined by comparing the helicity amplitude
In the generalized factorization approach, the effective Wilson coefficients C ef f i will appear in the decay amplitudes in the combinations:
GeV, the theoretical predictions of effective coefficients a i are calculated and displayed in Table I and Table II Compared with Ref. [12] , the effective coefficients a i given here have two new features:
• The effective Wilson coefficients C ef f i
here are not only renormalization scale-and scheme-independent, but also gauge invariant and infrared safe.
• The contribution due to the chromo-magnetic dipole operator Q g has been included here through the function C g as given in Eq. (36) . For the penguin dominated decay channels, operator C g will play an important role.
• The coefficient a 1 and a 2 remain unchanged in 2HDM's since the new physics considered here does not contribute through tree diagrams.
• The new physics contributions are significant to coefficient a 4 and a 6 , but negligibly small to coefficients a 3,5 and a 7−10 .
All branching ratios here are the averages of the branching ratios of B and anti-B decays. The ratio δB describes the new physics correction on the decay ratio and is defined as
IV. BRANCHING RATIOS OF B S MESON DECAYS
Using formulae and input parameters as given in last section and in Appendix, it is straightforward to find the branching ratios for the thirty nine B s → P P, P V, V V decay channels. In the following numerical calculations, we use the decay amplitudes as given in Appendix A, B and C of Ref. [12] directly without further discussions about details.
In tables III-VI, we present the numerical results of the branching ratios for the thirty nine B s → P P, P V, V V decays in the framework of the SM and models I, II and III. Theoretical predictions are made by using the central values of input parameters as given in Eq. (4) The SM predictions for all B s decay modes as listed in tables III and IV are agree well with those given in Ref. [12] . The effect of changingr V and including the new contribution from the chromo-magnetic operator Q g in the SM is not significant.
For decay modes involving B s → K * or B s → φ transitions, we use two different set of form factors: the BSW form factor and light-cone sum rule(LCSR) form factor as given explicitly in Appendix. For decay modes B s → π 0 φ, φη ′ , ρ 0 φ, ωφ and B s → φφ, the variation of the branching ratios induced by using different set of form factors is about a factor of 2, but small or moderate for all other decay modes.
From numerical results, one finds the following general features of new physics corrections:
• In model III, the new physics corrections to QCD-penguin dominated decay modes, such as
, are large in size and insensitive to the variations of the mass M H + and N ef f c : from 30% to 130% w.r.t the SM predictions for both cases of θ = 0 0 , 30 0 . For tree-dominated or electroweak penguin dominated decay modes, however, the new physics corrections are very small in size: δB ≤ 5%.
• In models I and II, the new physics corrections to all B s → h 1 h 2 decay modes are always small in size within the considered parameter space: less than 10% and 20% in model I and II respectively, as shown in tables V and VI. So small corrections will be masked by other larger known theoretical uncertainties.
• In model III, the new gluonic penguins will contribute effectively through the mixing of chromo-magnetic operator Q g with QCD penguin operators Q 3 − Q 6 , as shown in Eq. (32) . The C ef f g will strongly dominate the new physics contributions to B s meson decays. The branching ratios for all thirty nine decay modes have a very weak dependence on θ in the range of 0 0 ≤ θ ≤ 30 0 .
As pointed in Refs. [12, 39] , the decays
do not receive any QCD penguin contributions, and are predominately governed by a 9 and hence N ef f c insensitive. In 2HDM's, this remain to be true because the new physics corrections to coefficients a 7−10 are negligibly small as shown in tables I and II, and therefore, the new physics contributions to these decay modes are also very small: ≤ 2%. As suggested in Ref. [12] , a measurement of these six decay modes can be utilized to fix the parameter a 9 .
It is clear that the inclusion of new physics contributions in the 2HDM's does not change this picture.
For the decays 
Among these eight decay modes, the new physics correction to the Class-I decay mode B s → K + ρ − and K + * ρ − are very small, from −2%to 1%. For remaining six decay modes, the new physics enhancement are significant: from ∼ 50% to ∼ 130% and insensitive to the variation of N ef f c . These decay modes will be measurable at the future hadron colliders with large b production [12] . In Figs. (2) and (3), we plot the mass and N ef f c dependence of the branching ratios of B s → K + K − and ηη ′ decay modes. After inclusion of new physics contributions in the models I, II and III, the patterns observed in Ref. [12] remain unchanged,
For the decay modes B s → ηη ′ and B s η ′ η ′ , analogue of B d → Kη ′ decay, the branching ratios are large but in comparable size with other six decay modes listed in Eq.(48). The new physics enhancement to these two decay modes are significant in size, ∼ 70% in model III, as illustrated in Fig.3 . After inclusion of new physics contributions, we find numerically that
In Figs. (4) and (5), we plot the mass and N ef f c dependence of the branching ratios of B s → K + K − * and K + * K − * decay modes. It is easy to see that the new physics contributions in the model III to these two Class-IV decays are also significant in size and insensitive to the variation of N eff c . 
V. CP-VIOLATING ASYMMETRIES OF
In models I and II, one does not expect sizable changes in A CP of B s decays since there is no any new phase introduced when compared with the SM. In model III, although the introduce of a new phase θ played an important role in relaxing the constraint on the parameter space of model III due to the CLEO measurement of B → X s γ decay as studied in Ref. [32] , we still do not expect dramatic changes for the pattern of the CP-violating asymmetries of B s decays under consideration because this phase may alter the theoretical prediction of A CP only through loop diagrams.
For neutral B 
If the final states f andf are not a common final state of B 0 s andB 0 s , the CP-violating asymmetry will be independent of time:
in terms of partial decay widths.
For B s decays where
s → (f =f) with f CP = ±f or f CP = ±f , the time-integrated CP asymmetries are of the form
with In tables VII-X, we present numerical results of CP-violating asymmetries A CP for thirty nine B → h 1 h 2 decay channels in the SM and 2HDM's, using the input parameters as given in Appendix, and assuming that k 2 = m We show the numerical results for the case of using BSW form factors only since the differences induced by using the BSW or LCSR form factors are very small for almost all B s decay modes. Among 39 B s decay modes studied, we find that only 10 of them have CP-violating asymmetries |A CP | ≥ 5% in the SM and model III:
Among these ten decay modes, only the decay B s → K 0 * η ′ and B s → K + K − * have CPviolating asymmetries larger than thirty percent in magnitude. If we consider the size of branching ratios of decay modes in Eq.(56), the decay B s → K + K − * seems to be the "best" channel to find CP violation of B s system through studies of two-body charmless decays of B s meson. Furthermore, A CP (B s → K + K − * ) has a very weak dependence on N ef f c , as shown in Table VII and Fig.7 .
For almost all B s decay modes, the new physics corrections on A CP are negligibly small in models I and II, as can be seen from Tables (IX,X) and Figs.6-8 ). In the model III, the new physics correction is varying from channel to channel and has a strong dependence on the value of θ, as illustrated in Tables (VII,VIII) and Figs.(6-8) .
From Table VII , one finds that only following 7 decay modes have a δA CP larger than twenty percent in magnitude, 
VI. SUMMARY AND DISCUSSIONS
In this paper, we calculated the new physics contributions to the branching ratios and CPviolating asymmetries of two-body charmless hadronic decays of B s meson in the standard model and general two-Higgs-doublet models (models I, II and III) by employing the NLO effective Hamiltonian with generalized factorization.
In Sec.III, we evaluate analytically the new penguin diagrams and find the effective Wilson coefficients C ef f i with the inclusion of new physics contributions, and present the formulae needed to calculate the branching ratios B(B s → h 1 h 2 ).
In Sec.IV, we calculated the branching ratios for thirty nine B s → h 1 h 2 decays in the SM and models I, II and III, presented the numerical results in tables (III-VI) and displayed the M H + -and N ef f c -dependence of several interesting decay modes in Figs.(1-5) . From the numerical results, the following conclusions can be drawn:
• The new physics corrections to all B s → h 1 h 2 decay modes are always small in models I and II, and will be masked by other larger known theoretical uncertainties.
• In model III, the new physics corrections to QCD penguin-dominated decays
, are large in size and insensitive to the variations of the mass M H + and N ef f c : from 30% to 130% w.r.t the SM predictions. For tree-or electroweak penguin-dominated decay modes as listed in Eq.(46), however, the new physics corrections are very small in size: δB ≤ 5%.
• For the decay modes B s → ηη ′ and B s η ′ η ′ , analogue of B d → Kη ′ decay, the branching ratios are large but in comparable size with other six decay modes listed in Eq.(48). The new physics enhancement to these two decay modes are significant in size, ∼ 70% in model III.
• For decay modes B s → π 0 φ, φη ′ , ρ 0 φ, ωφ and B s → φφ, the variation of the branching ratios induced by using the BSW or LCSR form factors is about a factor of 2, but small or moderate for all other decay modes. This feature remain basically unchanged after inclusion of new physics contributions.
• For B s → K + K − and other decay modes as listed in Eq.(48), the branching ratios are at the level of (1 − 3) × 10 −5 in the SM and model III. These decay modes will be measurable at the future hadron colliders with large b production.
In Sec. V, we calculated the CP-violating asymmetries A CP for thirty nine B s → h 1 h 2 decays in the SM and 2HDM's, presented the numerical results in tables (VII-X) and displayed the M H + and N ef f c -dependence of A CP for three typical decay modes in Figs.(6-8) . From those tables and figures, the following conclusions can be drawn:
• For almost all B s decay modes, the new physics corrections on A CP are negligibly small in models I and II. In the model III, the new physics correction is varying from channel to channel and has a strong dependence on the value of θ.
• Among 39 B S meson decay modes, only the decay
have CP-violating asymmetries larger than thirty percent in magnitude. If we consider the size of corresponding branching ratios simultaneously, the decay B s → K + K − * seems to be the "best" channel to find CP violation of B s system through studies of two-body charmless decays of B s meson. 
APPENDIX A: INPUT PARAMETERS AND FORM FACTORS
In this appendix we present relevant input parameters. The input parameters are similar with those used in Ref. [12] .
• The coupling constants, B meson masses, light meson masses, · · ·, are as follows (all masses in unit of GeV ) [12, 20] For the mass of heavy top quark we also use m t = m t (m t ) = 168GeV .
• For the decay constants of light mesons, the following values are used in the numerical calculations (in the units of MeV):
where f • In the calculation we use the following BSW form factors F (0)(in the units of GEV) [23, 16, 12] , 
We use the monopole k 2 -dependence for form factors,
where m * is the pole mass given in [16] :
forūb anddb currents. And
forsb currents.
• For the decays involving B s → K * and B s → φ transitions, we also consider the case of using LCSR form factors with the k 2 -dependence as defined in Ref. [42] ,
where the values of f (0) and coefficients a and b have been given in Ref. [42] . 
TABLES

